A novel scheme for image segmentalion is presented An image segmentation criterion is proposed fhaf gathers similar pixels fogefher to form regions and creates boundaries behveen hvo dissimilar regions. This criterion is formulated as a cos1 function. This cost funcfion is minimized by using gradient-descent mefhodr, which leads to a curve evolution equation that segments the image. The proposed method generalizes previous mefhods lo more complex similarity and distance Measures and can be applied to vecfor valued images such as texture and color images
Introduction
Image segmentation is a basic step in many image processing and computer vision tasks. Previous approaches to image segmentation include filtering-based methods to detect edges followed by edge linking, curve evolution and active contour models [ 1,5,6,7,8], region growing and merging, global optimization based on energy functions and Bayesian criteria, and graph partitioning and clustering.
Curve evolution methods have been used for image segmentation for over a decade. Some of these methods utilize the geometric nature of the curves to evolvr them, and some of them use a cost function to guide the curve evolution. In this paper we define an image segmentation criterion and formulate it as a cost function. This cost function is then used to guide the curve evolution to segment the image into homogenous and distinct regions.
In comparison to the previous work [S ,7] , where simple statistics such as intensity mean and standard deviation are utilized, the proposed method lays a generalized framework where the previous methods can be thought of as special cases. This flexible framework accepts wide variety of features for similarity of pixels, such as their intensity, texture and color features as well as the distance between the pixels.
The rest of the paper is organized as follows. We review curve evolution methods in section 2. In section 3, we present a region-based approach to segmentation using geometric active contours. In section 4 we present some experimental results and conclude with discussions.
Previous Work
Acfive contours and curve evolufion methods usually define an initial contour CO and deform it towards the object boundary. The problem is usually formulated using partial differential equations (PDE). The Region-based acfive contour methods attempt to panition the image into two regions: foreground and background. They start with an initial closed contour and modify the curve according to the statistics of the interior and exterior of this contour.
Developments in region-based active contours [9] are more recent than their edge-based counterparts. Region-based active contours are less dependent on the initial location of the contour since they don't rely much on the local image features. 
Proposed Image Segmentation
In this section, our aim i s to define a new flow equation for image segmentation that satisfies the following objectives: I) The evolving curve segments the image into homogenous regions. Homogenous region means that the pixels in this region that are close to each other have similar properties such as their intensity. This criterion for the segmentation groups similar pixels together into regions.
2) The evolving curve establishes boundaries between regions that are distinct in terms of their content, which means, pixels corresponding to neighboring regions are not similar to each other. This criterion aims to increase the dissimilarity across the boundaries.
Let C',, be a 2-D closed curve partitioning an image R into two regions: the interior R, and the exterior R,, To satisfy the tirst criterion CO needs to be evolved in a way to maximize intra pixel similarities for both R, and R,,. To achieve this, a cost function i s needed to guide the curve evolution. Assuming that the image only consists of a foreground object and a background, On the other hand, to be able to satisfy the second criterion, the curve evolution should also increase the Since it is difficult to find the direct solutions for these energy minimization problems, gradient-descent methods are usually utilized. Lemma 1: Let C, and C, be arbitraty closed curves defined on R, w: R* x R z --f R be a real valued function, E = 4 w(s,,s2)ds,ds2 Expanding the segmentation to multiple regions i s also possible by recursively bi-partitioning each region.
Experimental Results and Discussions
Starting with the input image I, the dissimilarity matrix W and its elements w(s,,s,) are calculated using (3) or (4). An initial curve CO i s then propagated under the curvature ( K ) and dissimilarity (w) based forces until it converges. Fig. 3 demonstrates that the proposed segmentation method does not depend on the initial location o f the curve as much as the edge-based active contours [I] .
We use the well-known level set method formulation However this method doesn't consider the homogeneity of the regions itself. Our proposed method generalizes previous methods to more complex similarity and distance measures and can be applied to vector valued images such as texture and color images.
[IO] D. Mumford (c-f) Curve evolution using texture features.
